Binding of cyanide, cyanate, and thiocyanate to human carbonic anhydrase II.
Computer simulation techniques are used to address the question of how cyanide and related ions interact with human carbonic anhydrase II (HCAII). Spectroscopic results have suggested that cyanide is coordinated with the zinc ion, while recent X-ray results suggest that the cyanide ion is noncovalently associated with the zinc-water or zinc-hydroxide form of the enzyme. We have carried out simulations on three models in an attempt to shed light on why the spectroscopic and X-ray results differ. The first model we studied (Model I) has cyanide directly coordinated to the zinc ion, the second has it noncovalently interacting with the zinc-hydroxide (high pH) form of the enzyme (Model II), and the third has cyanide noncovalently interacting with the zinc-water (low pH) form of the enzyme (Model III). None of these models is satisfactory in explaining the available structural data obtained from X-ray crystallography. This leads us to propose an alternative model, in which HCAII hydrates HCN to form an OH-/HCN complex coordinated to the Zn ion. Ab initio calculations are consistent with this model. Based on these results we are able to explain the observed crystallographic behavior of cyanate and, by inference, thiocyanate.